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FLAME RETARD ANT PHOSPHORUS ELEMENT-CONTAINING EPOXY 

RESIN COMPOSITIONS 

The present invention relates to curabie phosphorus eiement-containing epoxy 
resin formulations, and panicuiarly to formuiaiions useful for making laminates for pnnied 
wiring beards and composite materials. 

It is known to make electrical laminates and other composites from a fibrous 
reinforcement and an epoxy-containing mamx resin. Examples of suitable processes usually 
contain the following steps: 

( I ) an epoxy-containmg formuiarior. :s applied to or impregnated into a 

substrate by roiiing, dipping, spraymg, other :<nown techniques ana/or comomations thereof. 
The substrate :s typically a woven or nonwoven fiber mat containing, :or instance, glass 
fibers or paper. 

(21 The impregnated substrate is "B-staged" by heating at a 
temperature sufficient :o draw off solvent in the epoxy formulation and optionally to partially 
cure the epoxy formulation, so that the impregnated substrate can be handled easily. The k *B- 
stagmg" step is usually earned out at a temperature of from 90°C to 210°C and for a time of 
from 1 minute :o 15 minutes. The impregnated substrate that results trom B-stagmg is called 
a ,4 prepreg." The temperature is most commoniy 100°C for composites and 130°C :o :00°C 
for eiectncai laminates. 

> 2) One or more sneers of orenreg -re stacked or laid up in alternating 
!avers with one or more sneets of a conductive material, sucn as copper foil. :r an siectncoi 
laminate ;s desired. 

id) The '.aid-up sheets are pressed at high *emperature ana pressure for 

i time sufficient :o ours :ne resin ana form a iairunaLe. The :emperature o: :h;s !aminat:cr. 
step is usually between :C0 c C and 230°C. anc is most often oetween :65"C ana !90°C The 
lamination step may aiso be carried out m :wo or more stages, such as a first stage between 
100°C ana 150°C and a second stage at oetween :65"C ana :90°C. Tie pressure is usually 
between 50 N/cm : and 500 N/cm : . The lamination step is usuaily carried out for a time of 
from i minute :o :00 minutes, and most often for -t5 minutes to 90 minutes. The iamination 
step may optionally oe carried out at higher temperatures for snorter -imes ( such as in 
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continuous lamination processes) or 'or longer times at lower temperatures (such as in low 
energy press processes). 

(5) Optionally. :he resulting laminaie. fcr example, a copper-clad 
laminate, may oe post-created by heating ror a time at high temperature and ambient 
pressure. The temperature of post-treatment is usually between i20°C and250°C The 
post-treatment time usually is berween 30 minutes -and 1 2 hours. 

It is conventional in the preparation of epoxy-contaming laminates to 
incorporate inco4iw epoxy r-sin composition various additives to improve the flame- 
retardancy of the resulting lammaie. Many types of flame retardant additives nave oeen 
suggested, but the additives which are most widely used commercially are haiogen- 
contaimng additives, sucn as tetrabromcaiDnenyioipropane. or epoxy resins prepared by 
reacting digjycidyi ether of bispnenoi-A with terraoromodipnenyioipropane. Typically, in 
urder :o reacn the aesirca fire retaraancy level iV-0 in :he standard "Underwriters 
Laboratory" test method UL 94), levels of such bromine-containing flame retardant additives 
are required which provide a bromine content of from :0 weight percent to 25 weight 
percent based on the total polymer weight in the product. 

Although haicgen-contammg fire-retardant additives such as 
tetrabromociphenylolprcpan,. are effective. :hey are considered by some to be undesirable 
from an environmental standpoint, ma :n recent years mere nas -sen increasing interest in 
:he formulation of halogen-free epoxy -sins. wn:ch are ncie :o meet :ne -re retaroancv 
requirements. 

Proposals nave oeen mace :o use pnospnoras-basea flame retarcams instead 
of haiogenaced Are retarcants in epoxy resin formulations is described ;n. for example. E? A 
0384939. 5? A 0334940. I? A 04Q8990. DE A 4303 ! 34. DE A 4308 ; 85. DE A -303 ! 37, 
WO A 96/07685. and WO A 96/07686. In these formulations a phosphorus flame retardant 
;s pre-reacred with an epoxy resin to form a ai- or multifunctional epoxy resin which is then 
curea with an amino cross-amcer sucn as aicvanaiamide. iuifaniiamide. or some other 
nitrogen eiement-containing cross-iinxer :o form a network. 
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There .ire some commercially avaiiaole phosphorus-based fur retardant 
additives which may be useful for replacing haiogen-containing rlre-retardant additives. For 
example, Amgard™ V!9 and Amiblaze™ 1045 : previously Amgarri™ P*5) supplied bv 
.Albright and Wilson L:d. United Kingdom, arc commercially available phosphomc acid ester 
tire retardant materials. These pnosphonic acid esters, may be solids or liquids. 

Alkyl and aryl suostituted pnospnomc acia esters are compatible with cpoxy 
resins, in particular. ;ower aikyi ( that is. C,-C, esters or pnospnomc acid are of vaiue 
because they contain a high proportion of pnosonorus. and arc thus aoie to impart good fire 
retardant properties upon resins in which tney are incorporated. However, me phospnomc 
acid esters are not satisfactory as a substitute for raiogenatec flame retardants in epoxy 
resins for the production of electrical laminates, cecause :ne use of cnos D nor.ic ac:a esters, 
used m amounts sufficient to provide the necessary flame rctardancy. increases the tendency 
ol the .esuuiug curcu cpoxy r^o«. i« «/ovi^ -• — ■ 

laminate board is very significant, because laminates containing high levels of moisture tend 
to blister and fail, when introduced to a bath of liquid solder at temperatures around 260°C. a 
typical step in the manufacture of printed wiring boards. 

Another system, which utilizes a pnosphorus-based flame retardant. is 
described in E? A 0754723. E? A 075472S describes the production of flame retardant 
epoxy resin systems oy blending epoxy resins vim a cyclic pnosononate as a flame retardant 
and incorporating tne cycuc pnosononate into tne cured resin. The epoxide resin and 
pnospnonate mixture is crosslink with a po.yamine sucn as tnetnyiamme. .etra amine, 
polyamido amines, mult: basic acids or their annydr.des for example phtnauc annvcr.ee or 
hexanycropntnaiic anhydride. E? A 0754*23 x.oicates tnat large quantities, : acr. as in 
excess of 18 weight percent, of the pnesphcrus auditive are needed in order for the resm 
system to meet UL ?^ V-0. 

WO 99/0045 i aiso discloses flame retardant epoxy resin compositions 
utilizing phospnomc acid esters. WO 99/0015! discloses tne reaction of a pnospnomc acid 
ester with an epoxy resin in the presence of a cataiyst and a nitrogen-containing crossiirucing 
agent. The crossiinking agent has an amine fancttonauty or at least 2 and is preferaoiv 

-t, „„w -..mt i-trc*" n WO Q 9/0045; have imcroved rlame retardant 
dicvandiamide. The epoxy resins ^-sc. .c^» .n ■-»-'. """^ 
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properties at low levels or pnosphonic ac:a ester flame retaraant. However, there :s still a 
need in the :ndustry for a flame retardant epoxy resin composition with improved Tg and 
flame retardancy. 

The present invention is directed to epoxy resins which meet the desirable 
standards of fire retardancy without rhe need for halogen-containing rlamc retardants. The 
epoxy resin compositions of the present invention employ relatively low levels of a 
phospnorus eiement-containing compound in the resin (for example, to provide from 0.2 
weight percent to 5.5 weight percent phosphorus in a solid resin or a soiid curing 
rormuiation), togctner with particular comoinations of a muiti-nmctionai phenolic hardener, 
on accelerator ana a catalyst, and. in preferred embodiments, particular types of epoxy resins. 
The muiu- functional Dnenoiic hardeners, accelerators ana catalysts are gencrailv known oer 
se, but their use in conjunction with low ieveis of fire retardants to ootain compositions 
which have both good fire retardancy, and yet sufficiently iow water absorption has not 

.According to one aspect of present invention, there is provided a flame 
retardant curable phosphorus eiement-containmg epoxy resin composition substantially free 
of halogen, comprising: 

(D a non-haiogenated epoxy resin material selected from: 

(A) a non-haiogenated phosphors iiement-containing ecoxy resin: 
«'B1 a mixture of: 

! ■ a non-naiogenatec. non-cnosonorus eiement-containmg ecoxv 



resin, ana 



•. -i a phosphorus element-containing comcour.ri: or 
iC tne reaction product of: 

' ! i a non-haiogenated epoxy --sin: anc 
.2: a pnospnoras eiement-conta^ung :orr.counc: :r 
D> a combination of two or more components ■ Ai to ;C; 
i III ; A j a muiti-ranc:;cnai phenolic crcssiimc^ig agent Saving a hydroxy 

functionality of at ieast 2: 

>'B) a matenai which forms a muiti- functional phenoiic :ross-:injcng agent 
navmg a Hydroxy functionality or at ;eas; - jpon hearing: preferably ;n amount of 
from 50 percent to 1 50 oercen: of tne stoichiometric amount needea to cure the 
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epoxy resin: or 

(C) a mixture of components (A) and (B): and 
(IID optionally, a catalyst capable of promoting the reaction of the 
phenoiic/hydroxy group of the multi-functional pnenoJic crossiinking agent with the 
epoxy group of the epoxy resin material. 

Another aspect of present invention.is directed to providing a flame rctardant 
hardener composition substantially free of halogen, corrronsing: 

(a) (i) a muiti-functionai pnenoiic crossiinking agent having a hydroxy functionally 
of at least 2 or fin a material wnich forms a multi-functional onenoiic cross- 
linking agent having a hydroxy functionality of at least 2 upon heating or ( in) a 
mixture or components if) and lift; preferabiy :n an amount of from 50 percent 
to 150 percent of :ne stoichiometric amount neetaea to cure an epoxy resin: 

containing compound preferabiy having an amine, a phosphine, a phosphate, a 
hydroxy, an anhydride, or an acid functionality, and preferabiy. in an amount 
such as to provide from 0.2 weight percent to 3.5 weight percent phosphorus in 
a final curing formulation composition: and 

(c) optionally, a Lewis ac:d inhibitor. 

A preferred ernoocimer.t of the cresenr invention induces an eooxy r esm 
aaving a reauced numoer of aiipnanc cnain zroups :n :ne cured apoxv resm composites 
network. The lower numcer of aiipnatic chain :rouns is beiievea to reduce :ne methane nas 
emissions during burning. 

It nas aiso been found :hat :he -eacrion procuc: or epoxy acduc: prccuced by 
reacting a non-haiogenated epoxy -esm enc a phosphorus eiement-containins compounc 
surpnsmgiy provides advantageous benefits wnen used for oreranng :ne fiame retarcant 
formulations of :he present invention. Accordingly, another asuec: of :he present invention 
is directed to a phospnorus element-containing epoxy resin aaduc: comprising the reaction 
product of \V, a non-haiogenatec epoxy resm: and iZ) a phosphorus element-containing 
compound which is preferably a chain extender which aas a functionality of from i to 3. 
more preferably from i.S to Z.Z. The cnam extender may be for exampie a hydroxy 
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functional or an amine functional compound sucn as for example i0-v2\5'- 
dihyaroxyphenyi)-9, i O-oihydro-9-oxa- 1 O-ohospnaphenanthrene- i 0-oxidc. 

In its broadest scope, ihe present invention is a flame retardant epoxy 
resin composition suostantiaily tree of halogen including: (D a non-haJogenared epoxy resin 
material with some specific amount of phosphorus element therein; and (II) a multi- 
functional phenolic crossimking agent having a hydroxy functionality of at least 2. A resin 
which is "substantially free of haiogen ' means that :ne resin is completely rree of haiogen, 
that is 0 percent halogen, or thai the resin contains some minor amount of haiogen mat does 
not affect the properties or performance of the resin, and is not detrimental to the resin. 
"Substantially free of haiogen". therefore, herein includes for example, wherein the resin 
contains up to 10 weight percent naiogen. but preferably contains less :nan 10 weignt 
percent, more preferably less than 5 weight percent, even more preferably less than i weignt 
percent and most preferably zero weight percent of a halogen in the resin composition. 

In order to ootain satisfactory flame retardancy and still provide the benefit of 
resistance to water absorption, it is important that the amount of the phosphorus element in 
the resin composition is from 0.2 weight percent to 3.5 weight percent, preferably from 1 
weight percent to 3 weignt percent, more preferably from 1.5 weight percent to 2.3 weight 
percent, based on the totai amount of the soiid curing resin composition. 

The mum- functional phenolic cross-tinxer ' ID of :ne present invention, aiso 
referred to 'Interchanseabiv nerem as a hardener or curing agent, creieraciy contains at .east 
two or more functionalities. The crossanKsr \U) may oe selected from ■ A) a pnenoiic 
crossiinkmg agent having a functionality of at least 2: 3 > a mater.ai or compound which 
forms a phenolic crossiimang agent having a functionality of n least 2. jpon heating or C a 
mixture of components A' and :3V The phenciic hardeners ■ T are compounds, r.ther 
polymeric or monomeric. which nave at least 2 pnenoiic -OH : hydroxy! grcuus) capable of 
reacting with epoxy groups at elevated temperatures. The pnenoiic hardeners include 
various types of compounds such as: 

a. Phenolic resins obtained from pnenois or aikyi phenois and formaidenyde. 

such as phenol novoiacs or resoles, as described in Lee £ Neviile. section 1 1- 

14: 
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b. 3,4.5-tnhydroxyoenzoic acid (also known as gallic acid) or \is derivatives, or 
pyrogalloi (also known as 1.2,3-tnhydroxybenzol), or 1,2,4-trihydroxybenzol 
(also known as hydroxyhydrochinon); 

c. 1 ,S,9-tnhydroxyanthracene(also known as ditfaranoi or 1 ,3,9-antnracentnon, 
or 1,2, 10-trihydroxyanthracene (also known as anthrarobinej; 

d. 2,4,5 - 1 nhydro xypynrradine; 

e. cris(hydroxyphenyl)methane; 

f. dicylcopentadiene-phenoi novolac; 

g. LCtrapnenoiethane^and 

h. copolymer of styrene and hydroxystyrene. 

The chemical structure of some of the pnenoiic hardeners (ID described above 

are as follows: 



OH OH OH 




dithanoi 




Oh 



OH 



or ;nsi hvarcx\ r cr.envhrrr r unane 

OH 



OH^^^OH 
pyrogaibi 

The multi-functional phenolic cross-linger :ID is preferably a novoiac or a 
cresoi novolac ootainea by the condensation of phenois, cresois. xyienois or other aikyi 
pnenois with a formaldehyde. Also, in the present invention, :he resoies may oe used as the 
muiti-functional phenoiic cross-iinker. 
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Preferaoiy, the muiti-runctionai pnenoiic cross-iinicer (II) of the present 
invention has the following chemical structural formula: 

Formula I 

I 1 
OH ! OH OH 




wherein * 4 R" is hydrogen or a C,-C aikyi. for example. metnvi: and k4 n ' is 0 or on integer 
from 1 to 10. "a" preferably has an average vaiue of from 0 to 5. The prererred crossiinker 
(II) is when R ;s preferably a hydrogen ;n the above Formula I. 

Commercially avaiiaoie proaucts having :ne above general Formula I for ;he 
crosslinking agent (U) include for example, Perstorp 35. 56.2S which is a pnenoiic resin 
obtained from phenoi and formaldehyde having an average Merrier softening point of 103°C, 
melt viscosity at I50°C = 1 .2 Pa.s and a functionality of 4 to 5. .Another example includes 
DunteSD 1731 from Borden Chemical of USA. 

Examples of compounds .B) wnicn form a pnenoiic crossiinking agent iID 
upon heating include pnenoiic scecies ootainea from seating benzoxazme. :or ^xampie as 
illustrated :n :he following cnemicai equancn: 




Serrzoxazre Poiybenzoxazne 
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wherein n is greater than 1 ; and wnerein R' ana R" may be. independently ana separately, the 
same or different hydrogen, an ailyi group from C, - Co such as methyl, a C, - C a aromatic 
group such as pnenyi or a C 4 - C ;a cycioaiiphatic group such as cycionexane. 

Examples of compounds ( B) aiso inciuae benzoxazme of phenoipnthaiein. 
benzoxazme of bispnenoi-A. benzoxazme of bispnenoi-F, befizoxazme of phenol ncvolac. 
Mixtures of components (A) and (B) described above may aiso be used. 

The muiti-functional phenolic cress- linker (ED is preferably usea in the epoxy 
resin composition in an amount of from 50 percent to 150 percent of the stoichiometric 
amount needed to cure the epoxy resin and more preferably from "5 percent to 125 percent 
of the stoichiometric amount needed to cure the eooxy resin, even more preferacly rrom 85 
percent to 1 10 percent of the stoichiometric amount needed to cure tr.e epoxy resin. 

Optionally, otner co-cross-iinking agenii i, VTU may oe used :n ccmctnaticn 
with the multi-functional phenoiic cross-iinking agent. Suitable muitifunctionai co-cross- 
linkers useful in the present invention are described in numerous references such as Vol. 6 
Encyclopedia of Poly. Sci. & Eng.. "Epoxy Resins" at 348-56 (J. Wiley <& Sons 1986). 

Some of the co-cross- iinkers i VII) useful in the present :nvennon include, for 
example, anhydrides such as a carboxyiic acid anhydrides, styrene maieic anhydride 
copoivmers. maieic anhydride acducts of methyicyciopentadiene: amino compounds such as 
dicydiamide. sulfanilamide. :.4-uianano-o-onenyi- 1.2.5 tnazine: carcoxyiic acids sucn as 
salicylic acta, phthaiic acid: cyanate esters sucn as dicyanate of iicyciopentaaienyi bisonenoi. 
dicyanate of bisphenoi-A: isocyanates such as MDI. TDI: and bismaieic tnazmes. 

In one preferred embodiment, for example, a nitrogen-containing eross-iinker 
i VIP, can be used as a subsidiary or co-cross- :in.<er in addition to the muiti- ■unctionai 
phenciic cross-linker ill;. The nitrogen-containing co-cross-iinking agent has an amine 
functionality of at least 2. Examples or" suitable nitrogen-containing cross- iinkers usetui in 
the present invention may be found in WO 99/00451: ana include for example, poiyamines. 
poiyamides. sulfanilamide, diaminodiphenyisuifone and diaminodipher.yi methane and 
dicyanaiamide. substituted dicyanaiamide. 2.4-aiammo-o-cnenyi- i .5.5-tnazine. When a 
nitrosen-containing cross-iinker is used in the present formulation, tr.e preferred nitrogen- 
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containing cross-linkers are dicyandiamiae, sulfanilamide and 2.-f-diamino-o-ohenyi- 1 .3,5- 
triazine, more preferably sulfanilamide is usecL 

Another preferred embodiment of co-crossiinkers iVID useriii in the present 
invention are described in U.S. Patent Application SenaJ No. 09/008983, entitled "Latent 
5 Catalysts for Epoxy Curing Systems" filed January 20. 1998. by Gjji ci ai.. and include fur 
example copolymers of styrenc and maieic arinydnde having a moiecular weight (Mw> in che 
range of from 1500 to 50.000 and an annydnde content of more man 15 percent. 
Commercial examples of these materials inciuae SMA 1000. SMA 2000. ana SMA 2000 
having styrene-maieic anhyonde ratios of 1: !. 2: 1, and 2: ! respectively and having molecular 
10 weights ranging from 6.000 to 15,000: and wnich are available from Elf Atocnem S.A. 

When a co-crossiinKer ;s usea in the present invention. :he co-crossiinker :s 
present in an amount :o crosslink less than -0 percent of stoichiometric amount needed :o 
cure the epoxy resin. Preferably, the amount of the crossiinking agent ;n the epoxy resin is 
from 0 to 40 percent of the stoichiometric quantity needed to cure the epoxy content of the 
15 epoxy resin in the formulation. 

The non-haiogenated epoxy resin material (I) used in the present invention 
generally contains a phosphorus element or introduces a phosphorus element into the resin 
composition of the present invention. Generally, the epoxy resin material (D is used in an 
amount of from 30 we:gnt percent to 95 weignt percent. The ncn-naiogenatea epoxy -es:n 

20 matenai component ■ I) may ~e selected from:: A; a non-naiogenatec cnospnorus eiemem- 
contaimng enoxy resin; or \3) a mixture of:; ? a non-haiogenated. non-pnospnoras element- 
containing epoxy resin, and 2) a phosphorus eiement-containing compound which can be 
either reactive with or non-reactive with the epoxy resin -.Bl •; ,C the reaction proauct of: 
( 1 1 a non-naicgenatea epoxy resin wn:cn can re eitner a pnospncrous-eiement containing 

25 epoxy resin or a non-phospnorous-eiement ccntaining epoxy resin: and 2 N ; a phospnerus 
element-containing compound or (D^ a comcmation of two or more of components i A) to 
(C. 

Generailv, :ne non-naiogenatec epoxy resin matenai ;I) used in the present 

invention is a matenai which possesses on average more than : mc preferably at least 1.3. 

2 0 more oreferaoiy at least 2 epoxy groups pe: molecule. In the broadest aspect of the present 

•10- 
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invention, ;he epoxv resin matenal may be any saturated or unsaturated aliphatic 
cycloalipnaiic. aromatic or heterocyclic compound which possesses more than one !.2-«poxy 
group. 

In one prcferrea emboaiment, the non-haiogenatea epoxy resin rnaienai (I) is 
a non-haiogenared phospnoms eiemcnt-contammg epoxy resin (A) selected from those 
described in U.S. Patent No. 5.376,453. inciuaing for example methyl digiycidyt 
phosphonate. ethyl digiycidyi phosphonate. propyl diglycidyl pnospnonate. outyi digiycidyi 
phospnonate. vinyl digiycidyi phosphponate. pnenyi digycidyi pnospnonate and btpherryi 
digiycidyi pnospnonate: metnyi digiycidyi pnospnate. ethyl digiycidyi pnospnaie. rr-oropyi 
digiycidyi pnospnate. n-outyl digiycidyi pnospnate. isohbutyi digiycidyi pnospnate. aiiyi 
digiycidyi pnospnate. pnenvi digiycidyi pnospnate. p-methoxypnenyi aigiycidyi pnosonate. p- 
ethoxvpnenyi digiycidyi pnospnate. p-propyioxypnenvi digiycidyi pnospnate. p- 
isopropvloxypnenyi digycidyi pnospnate. pnenyithiodigiycidyi pnospnate. :ngiyc:ay! 
phosphate, rnsigiycidylethyi) phosphate, p-giycidyi-phenyl ethyl giycidyi pnospnate. benzyi 
digiycidyi thiophosphate. and combinations thereof. 

The non-haiogenared phosphorus element-containing epoxy resin (A) can also 
be obtained by either: 

i a) reacting an epoxy resm with a phospnoms eiemer.t-contaimng compound 
capaoie of reacting with an ecoxy resin: or 

b) ecoxiaizing z rnosonoms element- containing compounc. iucn as a aiot. 

Examples of a non-naiogenatea phosphorus element-containing ecoxy -esm 
(A) usefui in :he present :nvention which is ootamed by reacting an epoxy resin with a 
phosphorus eiement-containing compouna capable of reacting with an epoxv resm :nc:ucs: 

»a y The reaction prccuc: c:". an epoxv r.cvc.aa. vacn -5 D.~..V* -aS or 
D.E.N. * 439 which are tracemarics of ana commercial avaiiacie :'rom The Dow Chemical 
Company: a tnsepoxy such as Tactix ^42 ; Trademark of Ciba Ceigy r, a aicyciopentadiene 
ohenol epoxv novoiac: or a giycidyi of terrapnenoiethane and •.::; a pnosnnorus eiement- 
containing compound reactive with the epoxv resm sucn as <?. iO-dihyaro-^-oxa-SO- 
pnospnapnenanthrene- \ 0-oxtde. sucn as "Sanko-HCA" which :s commercially avaiiacie Tom 
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Sanko of Japan, or "Struktoi Poiyais ?D 3710" whicn is commercially available from Schiil- 
Seiiacher of Germany; or 

(b) the reaction oroduct of: i i) an epoxy novoiac. such as D.E.N. * ^38 or 
D.E.N. * 439: a tnsepoxy sucn as Tactix 742: a dicyciopentadiene phenol epoxy novoiac: a 
s glycidvl of retraphcnolethanc; a digiyciciyl ether of bisphcnol-A: or :i riigjyadyi ether of 
bispheno!- p and (if) a phosphorus element-containing compound selected from iO-C.i*- 
dihydroxypheny0-9J0<iihyaro-9^xa-^ such as "Sanko 

HCA-HQ" which is cornrnerciaily avaiiabie from Sanko of Japan: oisi^- 
hydroxyphenyi)phosphine oxide: tris(2-hyaroxypnenyijhospnme oxide: dimetnyi-i-bisi^- 
ic hydro xyphcnyl)- 1 -pnenyimetnyipnonate: or :nsi '2-hyciroxy-*/5-rnetnyipnenynpnosphine 
oxide: or 

(c; me reaction oroduc: of an epoxy resin and a pnospfnte: or 

(d) iht L tautiufi jiuuuCI OF jTi tuO\y fcSifi auZ. 1 piiGSpiiiliiC ICIu. 

Examples of a non-haiogenated phospnorus element-containing epoxy resin 
15 (A) useful in the present invention which :s ootamed by epoxidizmg a pnosphorus element- 
containing compound include: the epoxidized product of a phospnorus element-containing 
compound such as 9J0^iihydro-9-oxa-I0-phosphaprenanihrene-S0-oxide such as "Sanko- 
HCA" commercially avaiiabie from Sanko of Japan or "Struktoi Poiycis ?D 3710" 
commercially avaiiabie from Scaiil-Seiiacner of Germany: :0~ 2\5^ihydroxypnenyn-:>.: fl- 
ee iihyaro-9-oxa-;0-onospnapnenantr.rene- ;0-ox:cc sucn as "Sanso HCA-KQ""; cist — 
hydroxyphenyOphospnir.c oxide: :risi2-hycrox>'phcnyi"jpnospn:r.e oxice: dimetnyi- : .-ois»-- 
hydroxyphenyl)- 1 -phenyimethyiphonate: :r:si 2-hycJoxy-a/5-metr.ylpnenynphosphine oxide 
trisf^-iiydroxyphenyl'ipnospnine oxide, bis(2-hydroxypnenyi'pner.yipnosphine oxide, cis; I- 
hvdroxyphenvi^pnenyiphospninate. :nsi 2-hycroxy-5-^.e:hy|pnenyi^phosphmc oxide: or 
25 mixtures thereof. The epoxidizmg of :ne pnosphorus eiemer.t-:cr.:am:ng compound :s 

usuaiiy camea out with an epihaionydnn sucn as epichioronycr.?. wei! known :o :hose skilled 
in the an. 

In still anotner example or the ecoxy resm ; A) aserui in the present invention 
is an epoxy resm wmcn is the reaction product of an epoxy compound containing at least two 
2 g epoxy groups ana a chain extender as aescrtoea in WO ^/COaf ; . The preferred reaction 
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product described in WO 99/0045 1 useful in the present invention is an epoxy- 
poiyisocyanate adduct or an epoxy-termmated poiyoxazolidone as described in U.S. Patent 
No. 5, 1 12,93 1 . The isocyanate compounds as chain extenders include for example MDI. 
TDI and isomers thereof. 

5 in another preferred emooaiment. the non-halo genated epoxy resin material 

(I) used in the present invention is (3) a blend or a mixture of (1 ) a non-halo genaietl non- 
phospnorus eiement-containmg epoxy resin compound containing at least two epoxy groups, 
and (2) a phosphorus eiemeniHiontaining compound. In other words, it is possible to add the 
phosphorus element-contaimng compound (B2) and the eooxy resin compound (Bl) mixture 
10 to the overall resin composition of the present invention in oraer to form a non-naio genated 
phosphorus eiement-contammg epoxy resin material ( I) in-situ. 

The phosphorus element-containing compound or monomer (B2) useful :n the 
present invention contains some reactive groups such as a phenoiic group, an acid group, an 
amino group, an acid anhydride group, a phosphite group, or a phosphinate group which can 
15 react with the epoxy groups of the non-halogenated. non-phosphonis element-containing 
epoxy resin compound (Bl). 

The phosphorus eiement-containing cenpound (Bl) of the present invention 
may contain on average one or more than one functionality c^naoie of reacting with :he 
epoxy grouDS. Sucn rmosnnorus eiement-contammg compound prereraoiv contains on 
2C average 0.3 to i. more prcreraoiy 0.9 to ana most prereraoiv ; :o 3 functional groucs 
caDabie of reacting with epoxy resin. 

The phosphorus eiement-containing compounds ;32^ usefui in the present 
: nver:t:cn -nciuce '"or sx ample one or mere 3f :he following compounds: D -r? ^ncTionai 
compounds such as for example HCA, iimerhyiphosphite. aiphenyipnospnue. 
25 ethylpnosphonic acid diethyiphospninic ac:d. methyl sthyipnosohinic xid. pnenyi 

ohospnonic acid pnenyi pnosphimc ac:d. vinyi phospnoric ~c:c. pnenoiic : HCA- HQ): :r.st~ 
hydroxyphenvrtpnospnine oxice. brs(2-hydrox\pnenynpnenyipnosDnine oxide. 3isi2- 
hydroxypnenyDpnenyipnospninate. :nsi'2-hyaroxy-5-methyiphenyi)pnospnine oxice: ac:d 
anhydride compounds such as M- acid- AH: anc ammo functional compounas sucn ;br 
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exampie o^^ophenyOphcnvipnosphar, and nuxtures thereof. The chemical structure 
or some of the compounds (B2) desenbed above are as follows: 



r 

X 



■o o 

.o a. a, 

NH 



wherein X is OULhCR, Ri),-CR«R» 



same or different and represent H. CH-.. or Gtf< 



or o-pnenyiidene. n is 0 or ; and R.-R, may be the 




HCA 




H0 ^\^' h ' 0H 
HCA— HQ 




The phosphorus aiement-coniainmg compounds 32) asenti in the oresert 
inVCm,0n ^ *° :nc!u " :hose C °<*P°™* having epoxv groups such as those Grounds 
aescr:cea aoove as compound .A) for exampie :hose having the foilowme structures- 
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wherein R a independently a hydrogen or an alkyl group from C, - C 0 such as methyl, and 
ethyl. 

In a most preferred embodiment or" the present invention. the phosphorus 
element-containing monomer (BZ) used in the present invention is for example. 9.10- 
dihyriro-9-oxa- i O-phospftaphenantiirene- 1 0-oxide sucn as "Sanko-HCV* commercially 
avaiiaoie from SANKO of Japan or "StruKtoi Poiyais ?D 3710" commercially cvaiiaoie Tom 
Schiil-Seilacher of Germany: :0-:: , .5 , -.iihydrox>pnenyi)-9.;0-dihydro-9-oxa-;0- 
?hosphaphenanthrene-IO-oxide ..such as "Sanxo HCA-HQ'7; bis..4-by<iroxvphenyi)pnosphine 
oxide: :ris< :-hydroxyphenyi)pnosphir.e oxide; dimethyl- ; -bisi'a-hydroxyphenyi )-\- 
pnenyimethyipnonate; :risu-nyaroxy~/5-ratnyipr.enyi)pnospnine oxrce; :nsi- 
nydroxyphenyi)pnosphme tide, bisi Z-hydroxyphenynpnenylphosphine oxide, bisi 2- 
hydroxyphenyDpnenyiphospnmate. :ns(.:-hyaroxy-5-methyiphenyi)phosphine oxide: or 
mixtures thereof. 



Other pnospnorus eiement-containing compounds , B2' which can be asea in 
rne present invention, such as isomer mixtures or trisu-ayoroxvpnenynpnosprune oxides, are 
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described in co-pending U.S. Patent Application entitled "Phosphorus Element-Containing 
Crossiinking Agents and Flame Retardant Phosphorus Element-Containing Epoxy Resin 
Compositions Prepared Therewith" Attorney Docket No. 42190. filed of even date herewith. 

The non-naiogenated. non-phosphorus element -containing epoxy resin 
compound fB 1) useful in the present invention is preferably a compound which aas no aikyi 
aliphatic substituents or has a iow amount of aikyi aiiphatic substituents. such as for example 
the giycidyi ether of a pnenoi novoiac. or the giyadyi ether of bisphenoi-F. the giycidyi ether 
of bisphenoi-S. bispnenoi-A, or dihydroxyi ether of fluorene 9-bisphenyi; or tnsepoxy, or 
dicyclopentadiene modified phenoi epoxy resin, or mixtures thereof. 

The most preferred epoxy resins 1 3 1 ) are epoxy novoiac resins (sometimes 
rcrerred to as epoxidizea novoiac resins, a term which is intended to emorace both eooxy 
phenoi novoiac resins and epoxy cresoi novoiac resins). Such epoxy novoiac resin 
compounds have the following general chemicai structural formula: 



Formula II 



a r a " A 




r 

0-CH-.-CH-CH, 



R 

— — n 

wnerein is hydrogen or a C.-C-, aikyi. for example, metnyi; ana "V is 0 or an integer 
from 1 to 10. "n ' preferably has an average vaiue of rrom 0 :o 5. The preferred epoxy 
novoiac resin is when R *s preferably a hydrogen in :nc aoove Formuia H. 

Epoxy novoiac resins i inducing epoxy cresoi novoiac resins ) are reaaiiy 
commercially avaiiaoie. for exampie under :he trade names D.E.N."* Trademark of The 
Dow Chemicai Company), and Quatrex™ and Lis epoxy sucn as Tacnx™ "42 iTracemarics 
of Ciba). The matenais of commerce generally compnse mixtures of vanous soec:es of :ne 
aoove formuia ana a convenient way of characterizing such mixtures is ov reference :o tne 
average. n\ of rhe vaiues of n for the ,r anous soec:es. Preferred esoxv novoiac resms for use 
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in accordance with the present invention ire chose :n which n* has a value of from 2.05 ro 10, 
more preferably from 2.5 to 5. 

In yet another embodiment, the non-haiogenaied epoxy resin maienai (I) 
added to the overall resin composition of the present invention may oe iC) the reaction 
5 product of: (\) a non-haiogenatea epoxy resin and (2) a phosphorus element-containing 
compound capable of reacting with the epoxy resin ( 1 ). The non-haiogenaied epoxy resin 
(CI) may be trie same as the epoxy resin i A) or ( B 1 ) as described aoove. The pnospnorus 
element-containing corrroound (CD may be the same as the. phosphorus compounds (B2) as 
described above. Hxampies of the phosphorus eiement-containing compounds useful :n tne 
:o present invention also include the phosunorus compounas described in EP 0806429. 

The compositions of me present :nvention may contain a cataiyst (HI) capanie 
of promoting the reaction between the muiti- functional phenoiic cross-linker and/or tne 
phosphorus element-containing compound with the epoxy resin and promoting the curing of 
the epoxy resin. 

15 Examples of suitable catalyst maienais fill) useful in tne present invention 

include for example compounds containing amine, phospnine, ammonium, phosphomum, 
arsonium or suifonium moieties. Particularly preferred catalysts are heterocyclic nitrogen- 
containmg compounds. 

Tne catalysts i as aisnnguisnea from cross- lirucers) preferably contain on 
20 average no more than 1 active nyarogen moiety per moiecuie. Active hydrogen moieties 
include hydrogen atoms bonded to anarmne group, a pnenoiic hyaroxyi group, or a 
carooxviic acid grouo. For instance, the amine and phospnine moieties in cataiysts are 
nreferabiv r ertiar^ amine or phospnine Tcieties: and * H .e irrjr.onium and phesphcraurr. 
moieties are preferaoiy quaternary ammonium and pnospnonium moieties. 

25 .Among preferred tertiary amines mat may De used as cataiysts are those 

mono- or poryamines naving an open-cnam or cyclic structure wrucn nave ail of tne amine 
hydrogen replaced by suitaoie substituenrs, sucn as hydrccarbyl racicais. and preferaoiy 
aiiDnaxic. cvcioaiicharic or aromatic raoicais. 
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Eaomp,es or :tee 2macs inciuac ^ ^ , , 4 

(DBL1 - ' 

' '-~-«*>«*-*><*^ "* » *i a*™, «^ « . metfivt ta( 

^ - sue, « ; WMt ttnmy ^ ^ ^ 

amines that m aqueous solutions <nve a ori '«< m 

» 3 ive a prt .ess tnM 10 tn aqueous solutions of 1 M 

concentnuion. are oanicuiariv Drefen-PH • 

uiariy prererrea. aspecaiiv prererrea tertiary- amme catalysts are 

ocnrylimethylamme ana trisn dimetnyiammometftyi) pnenoi. 

°* ° c .—"«rogen-coiraning catalysis memos rhose 
* ^ N °' *«0* seconoarv ^ OTar/ 

imidazoles, benzuradazoies. imidazoline,- 

" •■ — -JAUiuies. pyrroles, thiazoles 
pynoacs. pvn^es. ^rhoiir,, pvn da2:M , ?yrrad „, ^ 

" ~* qUmaZ0,i " CS ' ***** <*"*•• »■** — * * indoiaz^ 
P '~ ? "™ eS - *■»*'■*« pn*ndi„=, P^es and 

comoinations thereof. =SDec:ailv ^'e-reri ir. rh. ,:t.i ■ 

- ^ re ' e:Ted M r -h= aJcyl-iuDstituted imidazoles; 2 5-chIoro- 

^ethvi itnidazoie; and phenyi-substuutec indoles, and natures thereof Eve, .ore 
prererred are N- TC thyiim,dazoie: ^etnv^oazoie: I^hvi^viinudazoie- ' - 

-= amaetnyiimidazoie: ana I-fMtnvihracazoie -sce-iiv-™™ , 

— u.^. _>ce^j,y .rererrea ;s --onenyiimiaazoie. 

Praftracy. a Laws , :v , M ■„ ;=e of .„ 

praaea, :„v rai!on . e!CK:aily ,, nea , s ^ ffi ; ^ ^ 

containing compound. 

=xamp:es or .-.e:ercc;,c.ic nitrogen-containing :ataiystsi Ul), ■vhich are 

-5 preferably used in combination with Lewis ac-s ,^V- -» • - 

vis oc.-s I.- are .nose aesenbea :n ~? a ^I^SS 

HP A 0458502. and G3 A 942M05.5. The Lews ac:as ase.ai in :ne oresent :nve„L 
-ciude for example haiide, ox.es. nvoro.oes ana aucoxaces or :,c. ::n. :::an,u m . aooait 
manganese, iron, silicon, aiutranurr, anc boron, rbr ^e Lews ac:ds of boron ana 
-hyanaes of Lew, ac:as of boron, rbr exan^ie bone acid. ..etaoonc ac:a. ootionadv 
30 suostttuted boroxanes isucn as :nnae:raoxvooroxane, .oaon.lv suost.tutea oxides of boron 
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aikyi borates, boron haiides. zmc haiides (such 25 zinc chionde) and other Lewis acids thai 
tend to have a relatively weak conjugate base. Preferably the Lewis acid is a Lewis acid of 
boron, or an anhydride of a Lewis acid of boron, for example bone acid, metabonc acid, an * 
optionally substituted boroxinc (such as tnmetiioxy boroxine, tnmethyl boroxine or tricihyl 
5 boroxine), an optionally substituted oxide of boron, or an aikyi borate. The most preferred 
Lewis acid is bone acid. These Lewis acids are very effective :n cunng epoxy resins when 
combined with the heterocyclic nurogen-contaming compounds, referred to above. 

The Lewis acids and amines can ce combined before mixing into the 
formulation or by mixing with the catalyst in-situ, to maice a cunng catalyst combination. 
10 The amount of the Lewis acid employed is preferably at least 0. i moies of Lewis acid per 
mole of heterocyclic nitrogen compound, more preferably at least 0.3 moies of Lewis acid 
per moie of heterocyclic nitrogen-containing compound. 

The formulation preferably contains ao more than 5 moies of Lewis acid per 
mole of catalyst, more preferably contains no more than 4 moies of Lewis acid per moie of 
15 catalyst and most preferably contains no more man 3 moles of Lewis acid per mole of 
catalyst. The total amount of the cataiyst is rrom 0. 1 weight percent to 3 weight percent, 
based on the total weight of the composition, preferably from 0. i weight percent to 2 weight 
percent 

The compositions of the present invention may also optionally contain one or 
: 3 more additional flame retardant additives 1 V\ Inducing for example. :ea pnospnorus. 
encaDsuiatea red pnospnorus or liquid or soiid pnospncrus-containing compounds, ;or 
example, ammonium polyphosphate such as " k !L\oiit ""CO" from Canant GmbH. 1 phosphite, 
or pnosphazenes; nitrogen-containing nre retaraants and/or synergists, for example 
meiamnes. meiem. cyanuric acid, isocyanunc ^c:d anc derivatives of those nitrogen- 
:5 containing compounds: haiogenated flame retarcants and haiogenated epoxy resins 

(especially brominated epoxy resins); synergistic phosphorus-halogen containing :hemicais 
or compounds containing saits of organic acids: inorganic metai hydrates such as St>Oi, 
SfyOs aluminum tnhydroxide and magnesium aydroxice such as ''Zerogen 30" :rom 
Manmswerke GmbH of Germany, and more preferably, in aiuminum tnhydroxide such as 
20 "Martina! TS-61CT S-om Martinswerke GmbH of Germany: boron-containing compounds: 
antimony-containing compounds: and combinations thereof. Examples of suitable additional 
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rlame retardant additives are given in a paper presentee at -'Flame retardants -101 Basic 
Dynamics - Past efforts create future opportunities \ Rre Retardants Chemicals Association, 
Baltimore Marnot inner haroour hotel, Baltimore Maryland March 24-27 1996. 

When additional flame retaroants wnicn contain a haiogen is used in [he 
5 composition of the present invention, :he haiogen-containing flame retardants are present in 
-amounts sucn that the totai haiogen content in the epoxy resin composition is iess than 10 
weight percent. 

When additional flame retardants whicn contain pnosphorus are present :n the 
composition of rhe present invention, trie pnosphorus-contaimng rlame retaraants are 
3 generally present in amounts sucn mat the total pnospnorus content of the epoxy resin 
composition is from 0.2 weignt percent :o 5 weignt percent. 

Aiso, optionally, other non-flame retaroant idditives such as inorganic fillers 
(VI) may be used in the composition of the present invention and may include, for example, 
talc. 

i When an inorganic flame re tar dam. a non-flame retardant or a filler is used in 

the present invention, the amount of additive or filler present in the epoxy resin composition 
of the present invention is generally form 0 weight percent :o 40 weight percent: preferably 
less than 30 weight percent ana more preferaoiy iess man 10 weignt percent, depending on 
the end use application or :ne epoxy resin composition. 

The epoxy resin composition of the present invention may aiso jotionaiiv 
contain other additives of a generally conventional type including for example, stabilizers, 
other organic or inorganic additives, pigments, wetting agents, flow modifiers, UV light 
blockers, and fluorescent additives. These iccitives can be present in amounts of from 0 to 5 
weignt percent, preferaoiy from :ess man 5 veignt percent. Examines of suitaoie acaitives 
are also described in U.S. Patent No. 5.066.735 ana in C.A. Epoxy Resins - Second Ed. it 
pages 506-512 (Mercei Deicker, Inc. 1988V 

Solvents ( VHD may aiso optionailv :e used in the composition of the present 
invention. When a soivent is used it may include for example, propylene giycoimetnyiemer 
(Dowanoi PM™\ metnoxypropyiacetate .Dowanoi ?MA^\ methyiethyiketone i MEIC, 

-2a 
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acetone, methanol and comomations tnereof. When a solvent is used in the present 
invention, the amount of solvent present in the epoxy resin composition.of the present 
invention is generally form 0 weight percent to 50 weight percent; preferably from 1 0 weight 
percent to 40 weight percent and more preferably from 10 weight percent to 35 weight 
percent, depending on the end use application of the epoxy resin composition. 

Optionally, :n some applications it may be desirabie to add a small amount of . 
a haiogenaied epoxy resin (IX). provided the haiogenaied epoxy resin is added in an amount 
such that the haiogen content of the overall epoxy resin composition of the present invention 
is less than 1 0 weight percent. 

The compositions of the present invention can be produced by mixing ail the 
components together :n any oraer. Preferably, compositions of :ne present invention can be 
produced by preparing a first composition comprising the eooxy resin, and the secona 
composition comprising the muiti-runctional phenolic hardener. Either the first or the second 
composition may also comprise a phosphorus element -containing compound, a cunng 
catalyst and/or a nitrogen-containing co-cross-linking agent. All other components may be 
present in the same composition, or some may be present in the first, and some in the second. 
The first composition is then mixed with the second composition, and cured to produce a fire 
retarcant epoxy resui. 

The compositions of the present invention can ce used to make composite 
materials oy techniques well known :n cne industry sucr. as oy puitrasion, moulding, 
encapsulation, or coating. 

The present invention is particularly useful for making 3-staged prepregs and 
laminates by weil known techniques in the industry. 

A number of preferred embodiments of the present invention are iilustrated. :n 
the following specific Examples. 
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Examples !-5 and Comparative Example A 
Examples ) and 2 

In Examples 1 and 2. an epoxy resin (DJLN. '* 438) and a phospnonis 
eiemem-coruaining compouna (Struictol Poiydis PD 3710) were heated up to 100 °C under 
nitrogen purge in a 5-iiter flange-top glass reactor equipped with an eiectncaily dnven 
mechanical stirrer, air ana nitrogen inlets, sample port, condenser and thermocouple. 1000 
ppm based on the tocai soiids of a reaction caraiyst tnpnenyietnvi.pnosphonium acetate, was 
added to the reactor ana the resulting mixture was heated to -30-140 3 C to initiate the 
reaction. The -eaction temperature was raised up to a least ! 60 °C 'depending on the size 
of the reactor) by the heat of reaction. The reaction mixture was kept at least 165 °C for 30 
minutes until the theoretical epoxy equivalent weight *EFvV=3 10-330 for D.E.N." 433 and 
Poiydis PD 3710 phosphorus eiement-containing compound adduc;) was reached. The soiid 
resin was further diluted with methytethyiketone (MEK) and methoxypropylacetate 
(Dowanol* PMA) (50/50) to a SO weight percent solid solution and cooled to room 
temperaiure (H20°Q. 

Example 5 

In Example 5. D.E.N. K 438 was reaciea with Sanko HCA-HQ under the 
same conaitions as cescnbea aoove for Examples 1 -uig2 :o reacn an EEW of approximately 
26** The resultant soiid resin was aiiutea with MEK and Dowanoi PMA* :o a 30 weight 
percent soiid. Then. Struktai Poiydis PD 3T 1 0 ana Perstorp S5.36.2S pnenoi novoiac were 
biended in Dowanoi PMA :o give a 50 weight percent solution. 

A resuitan: oiauc: asefui js a ■/arnisn .xre:n -v^ ;cnr,ej z\ mixing icgetr.e: 
the aoove 30 weight percent solid solution ana :ne acove 50 weight percent solution 
according to the amounts described in Taoie I. 

Examples 3 and 4 

In Examples 5 and 4. esoxy resin ■'D.E.N. * -33 1 anc a pnospnorus 
eiement-containing compound iStruktoi Poiyais PD 3710) were heatec up to '. 10 S C under 
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nitrogen purge in a 5-iiter flange-top glass reactor equipped with an eiectncally dnven 
mechanical stirrer, air and nitrogen iniets. sample port, condenser and thermocoupie. The 
mixture was mixed at 110. °C until a homogeneous clear mixture was obtained. Dowanol* 
PMA and MEX were added to make 30 percent solid solution ana cooied to room 
5 temperature. 

Examples . to 4 ' 

- Perstorp* 35.36.28. a phenoiic resin ootained from pnenol and formaldehyde 
having an average Mettier softening pomt of !03°C. meit viscosity at :50°C = 1.2 Pa.s and a 
functionality of -J-5, was mixed with Dowanol* PMA at room temoerature to make a 50 
10 percent soiid solution. 

A cataiyst solution was prepared by blending metnanoi and a catalyst together 
lo form 30 wci^hi pcrtciu :>uiuuuu ul mcuiaiiOL 

Boric acid solution was prepared by blending methanol and bone acid 
together to form 20 weight percent solution in methanol. 

15 The epoxy resin solution prepared above, the hardener solution prepared 

above, the catalyst solution prepared above and optionally a bone ac:d solution were mixed 
at room temperature with a mecnamcai stirrer for 60 minutes :o maxe a homogeneous 
mixture. Aaditionai solvents ; metnyiethyiketone. Dowanoi* ?M 3owanoi* PMA. acetone 
or mixtures inereon were aadea to aciust the varnisn v.seosuy :o J0-5 0 sec. cn rora cup >P 

20 4. The varnishes were aged overnight. 

The varnishes were used :o impregnate ziass web '.styie Nr. "623/36 amine 
silare -mish by D orcr:er SA. France 1 . us:ng a Caratscn pilot *rea r .er : m 'ongv The 
temperature of the not air in the oven was :60-;~0 c C. The varnish composition. :he :reater 
conditions, and the oretrreg and laminate performance are summanzec :n Taoie I heiow. 

25 The rrepreg and laminate varnish of Example - additionally contained 

Maninal TS-610. an aiummum tnhydroxide filler matenai. jctainec from Martinswerk 
GmbH of Germany. 
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The IPC test methods employed in chc Examples herein are the eiectneal 
laminate industry standard (The Institute For Interconnection And Packaging Electronic 
Circuits, 3451 Church Street, Evanston, Illinois 60203), as follows: 



Method 


IPC-Test Method iNuinben 


Reactivity ivamisn) 


j IPC-TM-650-5.L4I0 


Rest Geltime <§ 170 "Cseconas 


IPC-TM-650-2J.L8 


Mil Flow . weignt percent ( weignt percent) 


IPC-TM-650-2.j.i/ 


Tg. °C 


IPC-TM-650- 2.4.25 


Copper pee: strengtn 


IPC-TM-o50-L4.3 


NMP oicx-ud 


Dow metnod C-TS-AA-iO 12.00 


Pressure Cooker Test, weignt percent 
water pick-uo <k percent passed solder 
bath @ 260 °C 


fPC-TM-650-15.:6 


UL94 Rammabiiity 


IPC-TM-650-2.3.10 
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Table ?: Formulation compo.su ions, jronenies, srrrres ana : animate t?erf ormance. 
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The above results show that the phenoiic cure laminate systems of Examples 
1-5 exhibit much higher moisture resistance (lower water pick up at longer resistance time) 
than the dicyanGiamirie cured system of Comparative Example A. 

5 Examples 6- 3 

Examples 6. 7, 3 and 9, shown in Tabic II below, were prepared according to 
the "General production procedure for a poiyepcxy and a phosphorus element-containing 
comDouna adduct" described above, particularly as described according to Exaxnpie 5. The 



properties of :ne resultant adduct are shown in Table II. 
o Table II 



i COMPONENT 


ExamDie o 


ExamDie ~* 


ExamDie 3 


ExamDie 9 


D.H.N. -138 i wetgnt 
^erce^t * 


64.5 




1 


1 

[ 


D.E.R. 330 <. weight 
percent) 






1 

l 


D.E.R. 354LV 
(weight percent) 




t 70 i 

•; i 


D.E.N. 43 i f weignt j i 
percent) 




75 


( i ! 


! HC A- HQ i weignt 
percent : 


i0.i 


15 


30 


25 1 




Tnpnenyietnyipnospnon 
:um acetate catalyst. 
1 ourm 


:ooo 


:ooo 


; COO 


1000 


PROPERTIES ; 


SEW 




395 


-ifi 


373 


Me:t viscosity J150 
J C .Pa-si 




0.-6 1 


0.33 


1.5 



HCA-HQ nas very poor soiubiiity :n organic soivents and in epoxy resins 
beiow ;20 "C ana it is very difficult :o use HCA-HQ without any pre-reac:ion with an epoxy 
resin. However. HCA-HQ has high :r.errnai resistance ;Tg >130 J C; ana has good rlame 
retardancy for cared ooiymers. HCA-HQ has a 2 phenouc runcnonaiity ana is useful as a 
chain extender :o increase :he moiecuiar weignt of epoxy resins. Examples o to 0 snow :hat 
it is possible :o increase :ne molecular weignt and melt viscosity of liquid epoxy resins to an 

-26- 
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appropnate value such as from 0.4 to 1.2 Pas ai 150 °C 

The resin of Example 8 above was made into a varnish composition by 
blending the resin with a curing agent, a dicydiamide (2 phr) f bone acid (0.7 phr) and a 
catalyst, 2-phenyl imidazole (1.4 phr) in a solvent, Dowanoi PMA*. The varnish had a 
reactivity, geltime at 170 °C, of 200 seconds: and a Tg of 135 °C. The varnish was cured at 
190 °C for 90 minutes. 
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WHAT IS CLAMED IS : 

I . A flame retardant phospnoms eiement-containing epoxy resin 
composition substantially tree of halogen, comunsin*: 

(I) a non-haiogenated epoxy resin material selected from: 

(A) a non-haiogenatci phosphorus eisment-contatning epoxy resin: 

(B) a mixture on 

- 1 ) a non-haJogenated, non-pnosphorus eiement-comaming epoxy 

resin, and 

;'-) a pnospnorus element-containing compound: 
(G the reaction product of: 

( 1 ) a non-haiogenated epoxy resin: and 

(2) a phosphorus element-containing compound; or 

(D) a combination of two or more of Components (A) to (C); and 
(II) (A) a nmiti-nxnctionai phenolic crossiinking agent having a hydroxy functionality 
of at least 2; 

(B) a marenai which forms a muiti-functional phenolic crossiinking agent 
.laving a hydroxy functionality of at [east 1 upon heating; or 
C a mixture of components . A) ma :3V 

2. The composition of Claim i wherein the muiti-nmctionai onenoiic 
cross-iinking agent is present in an amount of :rcm 50 percent :o 150 cercent of the 
stoichiometric amount needed to cure the epoxv resin. 

3. Tine composition of Claim ; wherein the phospnoms eiemeni- 
containmg compound contains functionality selected from an epoxy, a phosphme. a hydroxy, 
an anhydride, an amine or an acid functionality. 

■l. The composition of Claim [ wherein the amount of the non- 
haiogenated epoxy resin material based on soiids is from 30 to 95 weight percent, of the 
composition. 
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5. The composition of Claim 2 wherein the phosphorus element- 
containing compound is present :n an amount sufficient to provide from 0.2 weight percent 
to 3.5 weight percent phosphorus in the cunng composition. 

6. The composition of Claim i including: 

(HI) a cataiyst capable of promoting the reaction of the pnenoiic/hydroxy group of the 
muiti- functional phenolic crossiinking agent with the epoxy group of the epoxy resin 
material. 

7. The composition of Cairn 6 wherem the cataiyst is present in an 
amount of from 0. 1 weight percent to 3 weignt percent. 

3. The composition of Claim 5 including: 
(IV) a Lewis acid. 

9. The composition of Claim 3 wherein the Lewis acid is present in an 
amount of up to 4 moles per mole of cataiyst. 

• 10. The composition of Claim 6 wherein the cataiyst is an amine cataiyst 

compound. 

! I . The composition of Cairn :0 wnerem the cataiyst ;s-a Heterocyclic 
nitrogen-containing compound. 

12. The composition of Claim iO wnerem :ne cataiyst :s se:ec:sd from the 
grouD comprising 2-phenyiim:cazoie: 2-me:hyiimidazoie; 2^rhyi>me:nyiimidazoie ana 
imidazole. 

12. The composition of Claim 3 wnerein the Lewis acid :s a ooron- 
containmg compound. 

14. The composition of Claim !2 .vnereai the Lewis acid is selected from 
:he group comprising bone ac:d. metaoorx acid, boroxincs anc aikyl borates. 
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1 5. The composition of Claim ! including (V) a flame-retardant additive. 

16. The composition of Claim -15 wherein the flame-retardant additive (V) 
is selected from aluminium tnhydroxide, magnesium hvdroxide. red phospnorus, 
encapsulated red phosphorus, ammonium polyphosphate and mixtures thereof. 

17. The composition ef Claim 15 wherein the flame-retardant additive (V) 
is a haiogenated bisphenol A in an amount less than 10 weight percent. 

! 8. The composition of Cairn 17 wherein the rlame retardant (V) is 
tetrabromooisphenol A. 

! 9. The composition of Claim 6 including: 
(VI) a filler material. 

20. The composition of Claim 19 wherein the filler (VI) is an inorganic 

filler material. 

21. The composition of Claim 1 including: 

fVII) a multi-functional co-crossiinking agent different from the multi- functional phenolic 
crossiinKing agent (II). 

22. The composition of Claim 21 wherein tne muiti-functionai ccr- 
crossuniong agent : VII) is ^eieciea from an anhydride, a nitrogen-containing crossiinking 
agent having an amme functionality of at leas: 2 and a sryrene maieic annydride copolymer. 

22. The composition of Claim 22 wherein the co-cross-iiniung agent (Vff) 
is present in an amount of from 0 :o percent of me stoichiometric amount needed to cure 
the epoxy resin. 

24. The composition of Claim 1 wherein the phosphorus eiement- 
containing epoxy resin i A) is obtained by epoxidizing a phosphorus-containing compound. 

25. The composition of Gaim 1 wherein the phosphorus eiement- 
contaimng epoxy resin f A) is obtained by reacting an epoxy resin with a pnosphorus element- 

-30- 
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««*-, =o™„ und apaDle of wmg ^ ^ ^ 
26. The composnjon of Cam i whemm rh- - 

: S- The composition of Cairn J including: 

fVIID a solvent. 

-9. The composition of Cairn i including- 
0» a haiogenated epoxy resin comoouno in an amount such that -he mr 
iC ™ «*" <™n , less man iO we,g,t ^ " *' 

30. The 

„ ..u-ainyoro-9- oxa-IO-pnospnaphenanmrene-iO-oxide- '0-<- ~ 

^ydroxy P nenyl)-9.:0-<iihvdro--oxa :fl nnnv™ ' 
, . • ° ' ° xa ; °-?n° wnapnenanthreM- i 0-oxide: o,s ( J- 

hyaroxypnenyibnosDmne ox:de: •« , '.; nv rim^„ 

hvH ayaror/pnenyupnospmne oxide: aimemvi-i-bis^ 

nydroxypnenyi)-;^^^ ]Cnona[ ^ ^ 

- d-thyi p Rosphtt , vmvl onosoomc ^ " " ^ ' 

u vH P " 1C - C ' Q - • ns, '*- ,1 >' Gro ^?nenyi) P nosDmne oxide bi Si ~- 

"vdroxv-o-methviphenyDpnosphine oxide: or mitres hereof ' 

■ • 31 =0mP ° S,tlOn ° f " Cam 1 — the muiti-oincnonai .nenoiic 

.rossu^cing agent ;s : to !0 runctionai phenol novoiac. 

. ^ C ° mD0SK10n °' <=- : *™» Pnosonorus-containing ^noxv 

' ai --!-ox. '-r-rahyaroxypnenvrtmerhane. 
dicyciopentadiene mocined onenoi eooxv novo.ac or ^-vc-dvi or 

• ' " r = J > c - a y or ;e:rapnenoi ethane and (in 
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9, 1 0-dihydro-9-oxa- i O-phospnaphenanthrene- i 0-oxide. 

34. The composition of Oaim I wherein the phosphorus element- . * 
containing epoxy resin is a reaction product of: (i) an epoxy novolac, epoxy of 
tm<hydroxyphenyi)methane, dicyclopentadiene modified pnenoi epoxy novoiac glycidyi of 
tetraphenoi ethane, diglyridyi ether of bsphenoI-A. or digiycidy! ether of bisphenoi-F, and 
(ii).a phosphorus eiement-containing compound selected from l(W2\5'-dihydroxyphenyl)- 
9, 1 O-oihydro-9-oxa- 1 O-phosphaphenanthrene- 1 0-oxide, bis(4-hydroxyphenyi)pnosphme 
oxide; tm(2-hyctroxypnenyi) phosphine oxide: dimethyl- l-bis(4-hydroxyphenyl)- 1 - 
phenyimethylphonate: rns(2-hydroxy-^/5-methyiphenyi)pnosphine oxide: dimethyl pnosphite: 
vinyl phosphonic acid; tns(4-hydroxypheny0phosphine oxide, bis(2- 
hydroxyphenynphenyiphosphine oxide. bis(2-hydroxypnenyi)pnenyiphosphinate, rnsi'2- 
hydroxy-5-merhyiphenynphosphine oxide: or mixtures thereof. 

35. The composition of Cairn 1 wherein che muiti-runctionai phenolic 
crossiinicing agent is selected from phenolic resins obtained from phenols or aikyl phenols 
and formaldehyde; tns(hydroxyphenol) mehtane: dicyclopentadiene phenol novolac; 
tetraphenoi ethane; or mixtures thereof. 

36. The composition of Cairn I wherein Component 11(B) is a 
benzoxazine based material. 

37. The composition of Claim 36 wnerein Component HCB) is selected 
from benzoxazine of pnenoi pnthaiem, benzoxazine of bispnenoi-A, benzoxazme of 
bisphenoi-F, benzoxazine of pnenoi novoiac, and mixtures thereof. 

38. The composition of Cain '. which provides a fire material 
cassiiication or < -C Du^eo. on SL9*+ \ vertical '.est,. 

39. A *3-5tage" material made from :he composition of Cairn I. 

M). A laminate mace from :he composition of Cairn 1 . 

J- 1 . A process for making a rlame retarcant pnosphonis element- 
containing epoxy resin composition suostantiailv free of haiogen compnsmg ±c step of 
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mixing: 

(I) a non-halo genated epoxy resin material selected from: 

<A) a non-haiogenated, phosphoms element-containing epoxy resin; 

i.B) a mixture of: 

f 1 ) a non-haiogenacei non-phospnorus eiement-containing epoxy 

resin; and 

i 2) a phosphorus element-containing compound; 
O the reaction product of: 

1 1 ) a non-naio genated epoxy resm; and 
.'2) a pnospnoni5 eiement-containing compound; or 
(D) a comomation of two or more of components (A) to ( CI; and 
(H) (A) a muiti-ninctionai phenolic crossiinking agent having a hydroxy functionality 
of at least 2; (B) a matenal which forms a muiti- functional phenolic crossiinking agent having 
a hydroxy functionality of at least 2 upon heating; or (Q a mixture of components (A) and 
(B). 

42. A flame retardant hardener composition substantially free of halogen 
capable of being added to an epoxy resin, comprising: 

u) a pnosonorus eiement-containing compound: J\d 

, ii) ai a muiti-mnctionai pnenoiic crossiiniung agent navmg a hydroxy 

functionality of at ieast 2; 

(b» a material which forms a muiti-ninctionai phenolic crossiinking agent 
having a hydroxy functionality of at least Z upon heating; or 

( c^ a mixture of components >a) and ib). 

43. The composition of Claim -C including a Lewis acid inhibitor. 

44. A cjhospnorus eiement-containing epoxy resin adduc: comprising the 
reaction product of lib non-halo genated epoxy resin: and C) a onosrhorus element- 
containing compound. 
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45. The adduct of Qaun 44 wherein the phosphorus eiement-contaming 
compound is 10-{2' J'^iihydroxyphenYi)-9J0Kito^^ 
oxide. 
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